Pollen contains nutritional elements -carbohydrates, proteins, lipids, vitamins, minerals, trace elements. The pollen contains also important amount of polyphenolic compounds, primarily antioxidants. Because the pollen is rich in nutrients, honeybee-collected pollen is recommended as a dietary supplement. The product can be used as dietary supplements to enrich food with valuable nutrients performing important functions in the human body. Pollen is a bee product affected by contaminants of various origins. In addition to important nutrients, it may also contain heavy metals that are harmful to human health. May be contaminated from air and soil by heavy metals and pesticides.
Introduction
The pollen gathered by honey bees (Apis mellifera) is considered like a potential source of energy for human nutrition. Pollen contains nutritional elements like carbohydrates, proteins, amino acids, lipids, vitamins, minerals and trace elements (Serra Bonvehí and Escolá Jordá, 1997). Apart from this the pollen contains also important amount of polyphenolic compounds, primarily antioxidants (Almeida-Muradian et al., 2005). Bee-collected pollen is nutritionally valuable special food, having different health enhancing effects, and is also used in apitherapy (Bogdanov, 2004) . This bee product has several pharmaceutical effects, like antibiotic, antineoplastic, antidiarrheic and also as antioxidative agent (Campos et al.,  1997) . This review aims to present significant knowledge about pollen and analyze selected nutritional and toxicological aspects of bee pollen.
Pollen, types of pollen
It is important to distinguish between three types of pollen: a) natural, flower pollen, which releases from anthers and it is not process at all. b) fermented, named also "bee bread", which was hydrolysed by non-reducing sugars and fermented by lactic acid in combs. This pollen is the most valuable in human nutrition. c) corbicular pollen (bee pollen), which is collected by worker-bees from flowers and then is processed by bee's gland and honey sac secretions. Pollen grains were characterized the first time in 1682 by Nohamiah Grew. The size of pollen grains is ranged from 2.5 to 250 µm, which have reproduction function and also other physiological functions. Bees form them into loads (size 1.5-2.5 mm) by glands secretions (bee pollen) and carry them on the corbiculas (pollen baskets) to a hive. In human nutrition are used bee and fermented pollen. Fermented pollen is obtained from honey combs, but this is very laborious. For this reason is mostly used bee pollen. On other hand bee pollen missed some important elements e.g. enzymes, in comparison with fermented pollen, but its nutritional value is still very high. This deficiency can be complete by its consumption in honey (Žitňanský, 1996) . Bee workers form pollen loads on the third pair of legs (corbiculas). They form them from thousand pollen grains which are put together with nectar and glands secretions. The bee pollen in comparison with flower pollen is sweeter and acquire other valuable features (Chlebo and Čermáková, 2001). 
Chemical composition and selected nutritional aspects
Chemical composition of bee pollen depends from plant species origin, from composition, moisture and fertility of soil, and also from climatic conditions during production and maturation of pollen grains in anthers. This explains differences in results pollen samples mentioned by different authors (Dobrovoda, 1986 
Antioxidants, antioxidant and antiradical activity
Antioxidants, inclusive of flavonoids, beta-carotene, vitamin C and E, and selenium are also the part of bee pollen (Schmidt and Buchmann, 1992). Antioxidants are considered as protective substances to free radicals which damage the human organism; and moderate a development of chronic diseases (Gulcin et al.,  2003) . The antioxidant activity of bee pollen has been recognized as a free radical scavenger and as a lipid peroxidation inhibitor (Campos et al., 1997, Campos et al., 1994) .
The free radicals damage membranes of different organs cells, including the liver cells, what is considered as primary reason of organism aging. Rats, aged 23 months, were one time a day orally fed by bee pollen (250 mg.kg -1 ) during one month. This treatment led to improving lipids peroxidation, antioxidant protective system and liver functions, which can relate to natural antioxidants (flavonoids) contained in bee pollen (Uzbekova et  al., 2003) . Capcarová et al. (2013, 2019) also dealt with bee pollen and consumption in rats in research. Bee-collected pollen is an apicultural product which contains considerable amounts polyphenol substances (8,2  0,3 mg.g -1 ) which may act as potent antioxidants. Bee-collected pollen extracts show considerable antiradical activity which is significantly increased in the pollen extracts. The highest degree of radical scavenging activity is found in the ethanol extract, which also has highest concentration of polyphenol substances. For this reason, it can be assumed that there is a general correlation between the content of total polyphenols and the antioxidant and radical scavenging activity of the pollen preparations. Thus, the prepared extracts of bee-collected flower pollen may be regarded as effective natural and functional dietary food supplement due to their remarkable content of polyphenol substances and significant radical scavenging capacity with special regard to their nutritionalphysiological implications and their health promoting effect 
Selected toxicological aspects
Pollen is a bee product affected by contaminants of various origins. May be contaminated from air and soil by heavy metals and pesticides. For optimal pollen quality, it is recommended to collect pollen in areas at least 3 km away from the source of contamination, such as intensive traffic, industrial centers and pesticide-treated agricultural areas (Bogdanov, 2004) . The authors of those studies report on ever more frequent cases of admissible contents of those health-compromising metals being exceeded and point to the need for their level in honeybeecollected pollen to be constantly monitored. Pollen productionoriented apiaries should not be located in heavily industrialized areas, in a close proximity of heavy traffic roads or close to large urban agglomerations. Heavy metals concentrations were analysed in bee gathered (in case of three treatment: dried, frozen, freeze-dried bee pollen) and flower pollen samples. From the heavy metals, in flower and bee pollen, the lead level was 0.64 mg.kg -1 and less than 0.1 mg.kg -1 , respectively. The contents of mercury were 0.019 mg.kg -1 in the flower pollen and ranging from 0.004 to 0.005 mg.kg -1 in the frozen, freeze-dried and dried bee pollen. The cadmium concentration in the flower pollen was 0.12 mg.kg -1 , and in the bee pollen ranged from 0.22 to 0.26 mg.kg -1 (Kačániová et al.,  2008a, b Szczęsna et al., 1993; Jabłoński et al., 1995) . The honey bee is one of the major carriers of environmental information. In its way and character of life, it is very closely related to natural conditions and immediately responds to their change. For some properties (easy manipulation, relocation, precise detection circuit, full-area monitoring in the field) it is a suitable object for testing (Čermáková, 1997) . In many countries, bees and bee products have been used to assess the degree of environmental pollution (Loper et al., 1980; Roman, 2000) . Of bee products, bee pollen and bee bread are very often used as experimental material. Bee bread is a good indicator of contamination because it is exposed to direct contamination of the environment (Madras-Majewska and Jasiński, 2005).
Bees, but especially the pollen and propolis, are a very good and sensitive bioindicator of the state of the environment. They can be used to monitor environmental pollution, especially toxic elements. They are used to monitor the occurrence of some chemical elements that pose a potential risk to humans. Such risk elements include aluminum, arsenic, antimony, beryllium, chromium, cadmium, nickel, lead, mercury, selenium. These elements may, at a certain concentration, endanger human health, and children are very sensitive. These elements inhibit the enzymatic activity in the body, do not disintegrate, do not undergo metabolic breakdown and accumulate in the body. They penetrate the body by inhalation, penetration (through the skin) and through the food chain (Čermáková, 1997) .
The contamination of bee products (nectar, pollen, honeydew, etc.) occurs through air, water, plants, soil, and also by transport to the beehive by bees. Bees and their products can contaminate air and soil containing heavy metals, mostly from industry and transport (Bogdanov, 2005) . Cesco et al., 1994) . Lead and cadmium are considered to be the major toxic heavy metals and are thus the most studied subject (Bogdanov, 2005) .
The heavy metal content in the pollen was analyzed to assess the state of environmental contamination by these metals. Kačániová et al. (2008a, 2010) analyzed the presence of heavy metals (cadmium, mercury, lead) in bee pollen samples (after three treatments -after drying, freezing and lyophilizing pollen) and in flower pollen samples. The results of the experiments are presented in Table 3 . Cadmium does not disintegrate in the soil, it remains in the soil, resulting in contamination of the plant mainly by simple diffusion through the root system. Cadmium is very mobile in plants. It binds to part of the protein molecule. Although pollen grains are male sex cells and are protected in flower buds, they may be contaminated. Research has shown that pollen is very suitable for the indication of cadmium because it contains many protein substances with cadmium-bound groups (with sulfhydryl groups SH-). There is currently a trend of increasing cadmium content in the environment. The sources of cadmium that have a negative impact on the human organism are, for example, waste water, industrial fumes, transport (Šalgovičová and Zmetáková, 2006). Kačániová et al. (2008a, 2010) report cadmium concentrations in flower pollen of 0.12 mg.kg -1 and bee pollen of 0.22 -0.26 mg.kg -1 ( Table 3 ). The cadmium content was lower in the flower pollen than in the bee pollen, but other heavy metals (lead and mercury) reached a higher content in the flower pollen. Čermáková (1997) found that in selected monitored areas (Bardejov, Spišská Nová Ves, Gelnica, Ružomberok and Bratislava) the maximum cadmium value in the pollen was measured in 1989 at 0.172 mg.kg -1 , while in 1995 the maximum value was 0.720 mg.kg -1 . Higher values were found in samples from agricultural production areas. Patruica et al. (2008) report the cadmium content of the fermented (mixed and sunflower) pollen presented in Table 4 . Mercury enters the atmosphere by evaporation from decaying minerals containing mercury, from volcanic gases and evaporation from the oceans. The most dangerous forms for the organism are mercury vapors and alkyl mercury compounds (methyl mercury) (Čermáková, 1997). Exposure to mercury, which may be represented by an inorganic form and an organic form that is more toxic, may cause (Table 3) does not indicate differences between dried, frozen and lyophilized pollen. Madras-Majewska and Jasiński (2005) evaluated the mercury content of bee bread (in fermented pollen) from different regions of Poland. They state that if mercury contamination in selected areas is high, bee-bread contamination with this element is also high. Overall, it was observed that the mercury content in bee pollen was low and did not exceed the standards, while the reported limit for children and infants was according to the Ministry of Health in Poland (Rozporządzenie Minister Zdrowia, 2003) 0.01 mg.kg -1 . All samples of bee bread examined contained mercury. The content was 18.10 -5 -795.10 -5 mg.kg -1 , the average content was 92.10 -5 mg.kg -1 . A similar average mercury content in bee bread was observed by Żarski et al. (1996) , namely 91.10 -5 mg.kg -1 . The concentration of lead in the environment is influenced by the amount of emissions from leaded gasoline engines, which represent 85 % of the total lead volume in the atmosphere. The decrease in lead content in the environment is not yet significant, although the positive impact of ecological petrol production is visible (Čermáková, 1997). Adverse effects of lead on humans have been proven (Šalgovičová and Zmetáková, 2006). et al. (2008a, 2010) a lead content of 0.64 mg.kg -1 and bee pollen of less than 0.1 mg.kg -1 was found in the flower pollen (Table 3) . Patruica et al. (2008) report the lead content of the fermented (mixed and sunflower) pollen, presented in Table 4 . Arsenic is found primarily in the form of silver, lead and copper sulfides. In the metallurgical industry, especially in the melting of copper, the concentrations of arsenic in the atmosphere and in the soil are significantly higher. It is similar in the combustion of younger coal. Toxicity of arsenic depends on its chemical form, mainly on arsenic ions (As 3 + ), which are more toxic than methylated. Prolonged exposure to arsenic can cause various diseases, for example, it can cause damage to the central nervous system. The arsenic content fluctuates during the season, it is higher in the spring months, then there is a decrease. This is probably due to the immission gradient after the winter heating season and the long-term transmission of immissions (Čermáková, 1997).
According to Kačániová
Other authors also note that pollen is not only a natural source of minerals, but may also contain elements harmful to Szczęsna, 2007a) .
The long half-life of metals, their accumulation in the body can cause long-term stress on the body and toxic effects. The toxicity of various metals can be varied by the interaction of metals and other substances. Selenium can reduce the toxicity of methylortute and zinc in turn the toxic effect of cadmium. At present, levels of toxic metal concentrations in the environment are relatively low, with the exception of areas with intensive industrial activity, so that direct damage to health may not occur during human life. Systematic monitoring of the concentration of toxic metals in the atmosphere, soil, water and sanitary and technologicalpreventive measures is the primary method for reducing metals in the environment and thus in the food chain. The timely capture of increased amounts of contaminants in the environment is very important. Therefore, it is important to use pollen collected by bees as one of the sensitive bioindicators of environmental pollution (Čermáková, 1997). According to Chlebo and Čermáková (2001), pollen contamination is threatened mainly by industrial pollutants and the application of plant protection products. In 1990 and 1999 the authors investigated the presence of selected chemical elements ( Table 5 ) in sixteen pollen samples from four regions of Slovakia with high ecological load (Stredny Spis, Ruzomberok, Horna Nitra and Bratislava). In the given situation, the air quality in Slovakia was generally satisfactory. This was not only a reduction in production but also a greening of production for large exhaled producers. The risk of contamination by pesticide residues comes to the forefront when pollen sources are important crop plants such as rapeseed, sunflower and others.
Conclusion
In the world marked the bee pollen is mostly used as food supplement in the form of capsules, granules, tinctures, tonics, cereal bars, sweets etc. Partly it is used for animal feeding, above all bumblebees, honey bees and race-horses. Pollen has been shown to be an excellent dietary component in diets for specialty or valuable animals. Nowadays the possibilities of bee pollen utilization are underrated whereby manufacture potential exists. It would also be advisable to continue and extend investigations into the composition and contents of honeybeecollected pollen. Following studies are needed to enable the species-oriented production of bee pollen characterized by a high content of valuable nutrients. 46 
